Enterovirus 71 (EV71) is a highly neurotropic virus and occasionally leads to severe diseases such as aseptic meningitis, poliomyelitis-like paralysis, and possible fatal encephalitis in neonates. In fact, EV71 has been regarded as the most important neurotropic EV after the eradication of the poliovirus (6) . The brain stem is most likely the major target of EV71 infection (2, 5) .
However, neither the host cell receptor nor neurotransmission route of EV71 is fully defined. intracranially (IC), intramuscularl (IM) or orally (PO) as described in Figure 2 . Peak inspiratory flow (PIF) and tidal volume (TV) were then monitored by whole body plethysmography. Results are the mean ± S.E.M.
In this study, different inoculation routes and a quantitation of tissue viral loads were applied to determine the transmission route of EV71 in mice. We demonstrated that EV71 possesses strong neurotropism and that retrograde axonal transport in neuron cells might represent the major transmission route of EV71 in mice. Inoculation of EV71 by oral (p.o.), intramuscular (i.m.), or intracranial (i.c.) routes resulted in brain infection, flaccid paralysis, pulmonary dysfunction, and death of 7-day-old mice. The i.c. inoculated mice displayed both forelimb and hind limb paralysis and demonstrated the shortest lag time to paralysis and death (4 to 6 days post-inoculation, [p.i.]). On the other hand, both p.o. and hind limb i.m. inoculated mice developed initial paralysis localized to the hind limbs with a longer lag time to disease and mortality than that of i.c. inoculated mice (i.m., 7 to 9 days p.i.; p.o., >7 days p.i.) (Fig. 1A) .
Whole-body plethysmograph analysis indicated that the pulmonary function of EV71-infected mice was severely compromised (Fig. 2) , with a significant decrease in peak inspiratory flow and tidal volume compared to age-matched, mock-infected mice. Interestingly, the occurrence of the pulmonary dysfunction was also related to the inoculation route (i.c., day 3 p.i.; i.m. and p.o., days 5 and 7 p.i., respectively).
High EV71 titers were detected in the brain tissue right after i.c. inoculation and were sustained for at least 7 days (Fig. 1B) . However, following both i.m. and p.o. inoculations, the virus did not appear in brain tissue until day 3 pi. Neuroinvasion with a very low viral titer was first evident in the medulla at 30 h p.i. Viral titer in brain tissue remained low (<10 PFU/mg tissue) within 48 h p.i. Virus was detected in the spinal cord at 48 h p.i.
with a higher titer in the lower segments than in the upper segments and brain tissue (Fig. 3, lower panel) .
In mice with hind limb inoculation, the virus appeared to be spread from the lower to the upper spine. A reverse pattern, however, was seen in mice with forelimb inoculation (Fig. 4) . Thus, the time frame of the EV71-induced disease and the pattern of paralysis strongly indicated the transmission of the virus from the inoculation sites to the target tissue, and that neuroinvasion was a prerequisite for its development.
Immunohistochemical staining using anti-EV71 VP-1 protein monoclonal antibody confirmed that the viral protein was present in the anterior horn regions of the lumbar cord as early as 6 h after i.m. inoculation in the hind limb, with a gradual increase in the numbers of positive-staining neurons from the lower to the upper spines over time (Fig. 4, right panel) . The appearance of the virus in the spine supported the hypothesis of axonal transport of the virus.
Colchicine, a fast axonal transport inhibitor, was effective in blocking fast axonal transport of PV in neuron cells (8) . We demonstrated that colchicines treatment significantly reduced EV71 neuroinvasion (titers in the spinal cords and brain) after i.m. inoculation in a dose-dependent manner (Fig. 5) . These data strongly indicated that retrograde axonal transport represents a transmission route of EV71 from periphery to the CNS. Since viremia was prominent before and at the same times as detection of EV71 in the CNS. Therefore, the question of whether or not viremia was responsible for the transport of the viruses to the CNS arose. Persisting viremia may be the result of successful replication of EV71 in skeletal muscle, from which virus that shed into the bloodstream might invade the CNS through the BBB.
We first demonstrated that poly(I:C) increased the BBB permeability in a dose-dependent manner which could be quantitated by measuring the extravasation of Evans blue dye ( Fig. 6A and B) . The results showed that after p.o. inoculation of EV71, there was a transient increase in dye extravasation in the brain tissue at around 30 to 72 h p.i., a time frame in which the virus could be detected in the brain tissue (Fig.   6C ). Dye extravasations were further confirmed by the deposition of the characteristic red fluorescence of the dye around blood vessels in the meninges ( inoculation, in spite of the fact EV71 was present in many tissues as a result of viremia, EV71 replicated only in specific tissues, namely muscle, spinal cord and brain. Other extraneural tissues, including intestine, kidney, and liver did not support EV71 replication, indicating that additional blocks to infection exist in these cell types. The muscle was likely involved in the subsequent neuroinvasion as the initial viral replication site. EV71 might spread from muscle to CNS through neuronal pathways as well as the bloodstream at certain times during infection. Well defining these infection models would accelerate our understanding of the pathogenesis of EV71.
